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METHOD FOR EVALUATING GRAPHITE STRUCTURE OF GRAY CAST IRON, 
^^^ft^ ^^^TTO^^ ppi^pfp^M RECORnTNn MF.n TUM. AND EVALUATION SYSTEM 

5 

TECHNICAL FIELD 

The present invention relates to a method capable of 
analyzing an image of a flake graphite structure, a eutectic 
graphite structure, or a mixture thereof of a gray cast iron to 
10 numerically evaluate intrinsic properties of the graphite 
structure such as shape (length, thickness, etc.), distribution, 
and density of the graphite pieces quantitatively, easily, and 
accurately, and further to a recording medium storing a program 
for carrying out the method and an evaluation system. 

15 

BACKGROUND ART 

Known technologies in this field are described, for example, 
in JP-A-2002 -162348 , and Hideo Nakae and two others, Reza Henikei 
o Mochiita Henjo Kokuen Chutetsu no Hamen Kaiseki nl yoru Kokuen 

2 0 Keitai no HantBl ^Evaluation of graphite shape by fracture 

surface analysis of graphite cast iron using laser displacement 
meter^ , Chuzo Kogaku, Japan Foundry Engineering Society, Vol. 
74, 2002, No. 10, Pages 644-649. The conventional technologies 
comprise basic steps of irradiating a fracture surface of a cast 
25 iron with a laser light, measuring the surface roughness of the 
fracture surface, and evaluating shape, distribution, etc. of 
graphite pieces contained in the structure based on the surface 
roughness . 

The above conventional technologies are the most promising 

3 0 methods in practical use among the known graphite structure 

evaluation methods. However, in the technologies, a resultant 
graph must be directly read to obtain final evaluation results, 
whereby the technologies are disadvantageous in that there are 
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often differences between individuals in the results and that 
it is difficult to imagine the graphite structure by the results, 
thus there being still room for improvement. 



5 DISCLOSURE OF INVENTION 

The present invention has been completed in view of the 
above object to provide a technology capable of evaluating a 
graphite structure of a gray cast iron in numerical terms, 
quantitatively, easily, and accurately, particularly by 

10 efficiently using a known image analysis apparatus such as a 
graphite spheroidizing ratio measuring apparatus. 

Various graphite structures in gray cast irons are 
identified based on shape, size, length, number, and thickness 
of graphite pieces, density and orientation of distribution of 

15 the graphite pieces, etc. The state of the graphite structure 
is closely related with the number of the graphite pieces forming 
the structure, and therefore, the state of the graphite structure 
can be estimated when the number of the graphite pieces is 
obtained . 

20 The gray cast iron is generally an iron alloy containing 

3 to 4% of carbon and 2 to 3% of silicon, and has a structure 
of the graphite pieces with various shape and size dispersed in 
an iron matrix. When a cast iron is solidified, carbon in the 
cast iron is converted into graphite carbon, combined carbon 

25 forming cementite, and a trace of carbon forming a solid solution 
with the iron matrix. The graphite pieces, which can be observed 
by examining a polished cast iron sample using a microscope, are 
composed of the graphite carbon. The cementite can be visually 
observed in pearlite when the polished sample is corroded. The 

3 0 graphite structure of the cast iron depends on the state of the 
graphite carbon and the combined carbon with disregard to the 
trace solid solution carbon, which cannot be visually observed. 

In the case of a gray cast iron having a thickness of 10 
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to 30 mm, the ratio of the combined carbon is generally within 
a range of approximately 0.4 to 0.9%, and the amount of the 
combined carbon is hardly changed even when the total carbon 
amount is increased. Thus, a value calculated by subtracting 
5 the amount of the combined carbon from the total carbon amount 
is the amount of the graphite carbon. The amount of the graphite 
carbon is increased with increase of the total carbon amount, 
and as a result, the area ratio of the graphite pieces in the 
iron matrix increases. 

10 The shape and distribution of the graphite carbon formed 

in the solidifying process depend mainly on conditions of mixing 
a matrix metal, melting, teeming, a molten metal treatment, and 
molding. The graphite structure is significantly changed 
depending on the conditions even if the chemical composition is 

15 not modified. As a general tendency, the graphite pieces are 
grown to have a large length in thick portions solidified at a 
low rate, and the graphite pieces are insufficiently grown to 
be short in thin portions and molten metal stagnant portions 
solidified at a high rate. 

20 Meanwhile, since the amount of the graphite carbon is 

constant, a carbon amount of each graphite piece becomes larger 
and the number of the graphite pieces becomes smaller as the 
graphite pieces are longer. On the other hand, the number of 
the graphite pieces becomes larger as the graphite pieces are 

25 shorter. 

Accordingly, the invention has been achieved based on an 
assumption that the state of the graphite structure is closely 
related with the number of the graphite pieces forming the 
structure . 

3 0 An aspect of the invention described in claim 1 is a method 

for quantitatively evaluating a graphite structure of a gray cast 
iron by an image analysis apparatus, characterized by comprising 
the steps of analyzing a magnified image of the graphite structure. 
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thereby extracting non- spherical graphite pieces of a particular 
size class contained in the graphite structure to calculate the 
number and areas of the non- spherical graphite pieces ; 
calculating a thick and thin degree expressing a degree of 
5 thickness of the non- spherical graphite pieces based on the 
number and the areas; and outputting the number and the thick 
and thin degree of the non- spherical graphite pieces in 
combination as an evaluation result. 

The magnified image for the image analyzing step may be 

10 taken from a microscopic screen image of the graphite structure 
by an image pickup device (CCD) such as a video camera and a digital 
camera as described in claim 2. Further, the magnified image 
may be an image taken by a still camera, which may be read by 
a scanner, etc., in some cases. 

15 As described in claim 3, the non-spherical graphite pieces 

may be extracted to calculate the number thereof based on a 
diameter of a circle having an area equal to that of each graphite 
piece or on a maximum length of each graphite piece. It is 
preferred that the smallest graphite piece of the non- spherical 

20 graphite pieces extracted to calculate the number thereof has 
a size of an area equal to that of a circle having a diameter 
of 5 |am or a maximum length of 10 pm as described in claim 4. 
It is more preferred that the smallest graphite piece of the 
non- spherical graphite pieces extracted to calculate the number 

25 thereof has a size of an area equal to that of a circle having 
a diameter of 5 |Lim as described in claim 5 . 

In this case, it is preferred from the viewpoint of 
improving evaluation accuracy that, as described in claim 6, the 
magnified image is preprocessed to except and eliminate graphite 

30 pieces in contact with a frame of the magnified image before 
extracting the non-spherical graphite pieces of the particular 
size class, and the number of the extracted non- spherical 
graphite pieces is corrected by the steps of counting the graphite 
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pieces to be excepted and eliminated; classifying graphite pieces 
other than the graphite pieces to be excepted and eliminated into 
a plurality of size classes containing the particular size class, 
to count a number of the other graphite pieces of each size class; 
5 and distributing the graphite pieces to be excepted and 
eliminated into the size classes proportionally based on a ratio 
between the numbers of the other graphite pieces, to add a number 
of the distributed graphite pieces to the numbers of the other 
graphite pieces. 

10 Further, as described in claim 1 , the total area of the 

extracted non- spherical graphite pieces may be divided by the 
total number thereof to obtain the thick and thin degree. It 
is more preferred that graphite pieces having a maximum length 
of 50 \m or more and less than 150 jim are selected from the 

15 extracted non-spherical graphite pieces, maximum lengths and 
areas of the selected graphite pieces are measured, and an area 
of a graphite piece having a maximum length of 100 |im is calculated 
based on the measured data and divided by 100, to obtain the thick 
and thin degree of a representative graphite piece of the graphite 

20 structure as described in claim 8. 

An aspect of the invention described in claim 9 is a 
computer- readable recording medium such as a CD-ROM and a 
flexible disk, which stores a program for carrying out the steps 
described in any one of claims 1 to 8 . 

25 Further, an aspect of the invention described in claim 10 

is a system for quantitatively evaluating a graphite structure 
of a gray cast iron by image analysis. As shown in Fig. 2, the 
system comprises an image analysis unit 1, an image input unit 
2 for inputting a magnified image of the graphite structure into 

30 the image analysis unit 1, and a display unit 3 for indicating 
an analysis result . The system is characterized in that the image 
analysis unit 1 comprises a graphite piece number/area 
calculating unit 4 for analyzing the magnified image of the 
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graphite structure, thereby extracting non- spherical graphite 
pieces of a particular size class contained in the graphite 
structure to calculate the number and areas of the non- spherical 
graphite pieces, and a thick and thin degree calculating unit 
5 for calculating a thick and thin degree expressing a degree 
of thickness of the non- spherical graphite pieces based on the 
number and the areas, and the number and the thick and thin degree 
of the non-spherical graphite pieces are visually indicated on 
the display unit 3 in combination as an evaluation result. 

In this case, it is preferred in view of the method according 
to claim 5 that the smallest graphite piece of the non- spherical 
graphite pieces extracted to calculate the number thereof has 
a size of an area equal to that of a circle having a diameter 
of 5 jam as described in claim 11. 

Further, it is preferred in view of the method according 
to claim 6 that the magnified image is preprocessed to except 
and eliminate graphite pieces in contact with a frame of the 
magnified image before extracting the non- spherical graphite 
pieces of the particular size class, and the image analysis unit 
comprises a unit 13 (Fig. 24) for correcting the number of the 
extracted non-spherical graphite pieces of the particular size 
class by the steps of counting the graphite pieces to be excepted 
and eliminated; classifying graphite pieces other than the 
graphite pieces to be excepted and eliminated into a plurality 
of size classes containing the particular size class, to count 
a number of the other graphite pieces of each size class; and 
distributing the graphite pieces to be excepted and eliminated 
into the size classes proportionally based on a ratio between 
the numbers of the other graphite pieces, to add a number of the 
distributed graphite pieces to the numbers of the other graphite 
pieces, as described in claim 12. 

It is more preferred in view of the method according to 
claim 8 that, as described in claim 13, graphite pieces having 



a maximum length of 50 pm or more and less than 150 |Lim are selected 
from the extracted non- spherical graphite pieces, maximUm 
lengths and areas of the selected graphite pieces are measured, 
and an area of a graphite piece having a maximum length of 100 
5 (im is calculated based on the measured data and divided by 100, 
to obtain the thick and thin degree of a representative graphite 
piece of the graphite structure. 

Thus, in the invention, the graphite structure can be 
numerically and quantitatively evaluated based on the number of 
10 the graphite pieces and the thick and thin degree related 
therewith. 

According to the invention, the graphite structure can be 
quantitatively evaluated based on the number of the graphite 
pieces and the related thick and thin degree, numerically, easily, 
15 and accurately. Thus, the invention is advantageous in that 
highly reliable evaluation results are obtained without 
differences between individuals and the actual graphite 
structure can be easily imagined from the evaluation results. 

20 BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is an explanatory view schematically showing 
components of an entire evaluation system according to a 
preferred embodiment of the present invention. 

Fig. 2 is a functional block diagram showing a principal 
25 part of Fig. 1. 

Fig. 3 is a flowchart showing steps of an evaluation method 
according to the preferred embodiment of the invention. 

Fig. 4 is a flowchart showing steps of an image analysis 
for measuring a graphite spheroidizing ratio. 
30 Fig. 5 is an explanatory view showing an analysis result 

example of the graphite spheroidizing ratio measurement of Fig. 
4 . 

Fig. 6A is an explanatory view of a maximum size method 
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for determining size of graphite pieces. 

Fig. 6B is an explanatory view of an average size method 
for determining size of graphite pieces. 

^^Sr. 7 is a graph showing numbers of detected graphite 
pieces of different shapes and sizes. 

Fig. 8 is an explanatory view of dividing the graphite 
structure of the left into graphite pieces having a maximum size 
of less than 10 pm and graphite pieces having a maximum size of 
10 Jim or more. 

Fig. 9 is a graph showing a relation between a density of 
a graphite structure and a number of detected graphite pieces. 

Fig. 10 is a graph showing a relation between a smallest 
graphite piece size and a number of detected graphite pieces. 

Fig. 11 is an explanatory view showing a relation between 
a gray cast iron structure and a number of graphite pieces. 

Fig. 12 is an explanatory view showing an example of 
differences in thick and thin degree between structures having 
the same number of graphite pieces. 

Fig. 13 is an explanatory view of dividing the graphite 
structure with a graphite piece number of 90 based on the sizes. 

Fig. 14 is an explanatory view of linkage of a plurality 
of graphite pieces, which is increased among graphite pieces with 
a size of approximately 150 (im or more. 

Fig. 15 is an explanatory view showing a result of measuring 
a length and an area of each graphite piece in the graphite 
structure with the graphite piece number of 90. 

Fig. 16 is a graph showing a relation between the lengths 
(the maximum sizes) and the areas of the graphite pieces of the 
structure of Fig. 15. 

Fig. 17 is an explanatory view of an embodiment of 
indication of a thick and thin degree of an assumptive, 
representative graphite piece having a length of 100 |Lim. 

Fig. 18 is an explanatory view showing distribution of 
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graphite pieces in sections of a brake disc rotor made of a cast 
iron three-dimensionally to improve a condition of casting the 
brake disc rotor. 

Fig. 19 is an explanatory view showing distribution of 
graphite pieces in sections of the brake disc rotor 
three-dimensionally to rationalize a molten metal treatment. 

Fig. 20 is a flowchart showing a second embodiment of the 
invention . 

Fig. 21 is an explanatory view of comparing graphite 
structures observed before and after excepting and eliminating 
graphite pieces in contact with a frame of an image for analysis. 

Fig. 22 is an explanatory view also of comparing graphite 
structures observed before and after excepting and eliminating 
graphite pieces in contact with a frame of an image for analysis. 

Fig . 23 is an explanatory view of adding a number of graphite 
pieces in contact with an image frame to be excepted and eliminated 
in a proportional distribution. 

Fig. 24 is a functional block diagram showing a modified 
example of Fig. 2. 

BEST MODE FOR CARRYING OUT INVENTION 

Figs. 1 to 3 show a preferred embodiment of the present 
invention . 

Fig. 1 schematically shows components of an evaluation 
system of the invention, and Fig. 2 shows a schematic functional 
block diagram thereof. The system is composed of an image 
analysis unit 1 of an image analysis apparatus 20 having a personal 
computer 6 as a main component; an optical metallurgical 
microscope 7; an image input unit (an image pickup unit) 2 of 
a CCD camera, (a video camera) 8; etc. An image taken by the CCD 
camera 8 is input into the image analysis apparatus 2 0 through 
an input port 9 . The personal computer 6 comprises a memory 
device such as a hard disk in addition to CPU, ROM, and RAM with 



a previously installed prescribed image analysis software, and 
further comprises an input unit of a not shown keyboard or mouse, 
a display unit 3 of a CRT display 10, an output unit of a printer 
11, an external memory device 12 such as MO, etc. 

An evaluation object graphite structure of a gray cast iron 
is magnified 100 times by the metallurgical microscope 7, and 
a magnified microscopic image is taken by the CCD camera 8 and 
input into the image analysis apparatus 20. For example, 640 
>^ 480 pixels (picture elements) of the input 100 times magnified 
microscopic image is subjected to the image analysis. The 
640-pixels width of the image frame is distributed on a 640-|jm 
scale, whereby there is a relation of 1 pixel = 1 jam. 

After the image is input into the image analysis apparatus 
20 as shown in Step SI of Fig. 3, the input image is binarized 
into bright and dark to indicate an iron matrix by white color 
and graphite pieces by black color (Step S2) . At the same time, 
graphite pieces that intersect (cross) or are in contact with 
the frame of the image are eliminated and excepted (Step S3) . 
Then, in Step S4, only non- spherical graphite pieces having a 
graphite area ratio of less than 54% are extracted and counted. 

In general, two methods shown in Figs. 6A and 6B may be 
used for determining size of each graphite piece to be extracted. 
One is a maximum size method shown in Fig. 6A in which the longest 
portion of the graphite piece is inscribed in a circle and the 
diameter of the circle is considered as the size of the graphite 
piece regardless of the area of the graphite piece. The other 
is an average size method shown in Fig. 6B in which a diameter 
of a circle having an area equal to that of the graphite piece 
is considered as the size of the graphite piece regardless of 
the length of the graphite piece. 

In this embodiment, graphite pieces with an average size 
of 5 |Lim or more are extracted. As described above, only the 
non- spherical graphite pieces having a graphite area ratio of 
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less than 54% and an average size of 5 pm or more are extracted, 
and the number of the extracted non- spherical graphite pieces 
is counted and indicated. Graphite pieces with a maximum size 
(a maximum length) of 10 |Lim or more may be extracted without the 
average size method, and only graphite pieces with a maximum size 
of 10 ^im or more and an average size of 5 pm or more may be extracted 
by using the two methods in combination. An example of a state 
of an extracted graphite piece structure is shown in the upper 
left of Fig. 13, the number of the detected graphite pieces being 
90 for instance. 

It can be assumed from Fig. 13 that the impression of the 
entire graphite structure largely depends on a degree of 
thickness of the graphite pieces with a maximum length of 50 |Lim 
or more and less than 150 |Lim (which is referred to as a thick 
and thin degree in this embodiment as hereinafter described) as 
shown in the lower left. Based on the assumption, only the 
graphite pieces having a maximum length of 50 |jm or more and less 
than 150 |am are extracted from the non- spherical graphite pieces, 
and a maximum size (a maximum length) and an area of each graphite 
piece are measured (Step S5 of Fig. 3) . The measured maximum 
length and area of each graphite piece are both shown in Fig. 
15, and the distribution thereof is shown as a graph in Fig. 16. 
Then, the median of the graphite piece lengths is obtained and 
an area of a graphite piece with the median is calculated by using 
a relational expression shown in Fig. 16. 

In Fig. 16, the median of lengths 50 to 150 jam is 100 fim, 
whereby the area of the graphite piece with the median length 
of 100 |Lim is 1006 fim^ . Thus, an assumptive graphite piece with 
a maximum length (a maximum size) of 100 jim representative of 
the graphite pieces with a length of 50 |im or more and less than 
150 \xm is obtained from the shown data, the area of the assumptive 
graphite piece being 1006 jim^ . A value of 10.06 is obtained by 
dividing the area 1006 |Lim^ by the length 100 |am as shown in Fig. 



17, and the obtained value is considered as the thick and thin 

degree (Step S6 of Fig. 3) . The thick and thin degree corresponds 

to a width of a rectangle having the same area and the length 

of 100 ixm, and can provide a practical image of the graphite 
structure. 

Then the width 10.06 of the assumptive graphite piece is 
rounded to be 10.1, and visually shown with the number 90 of the 
detected graphite pieces as 90 (10.1) in form of "the number of 
the detected graphite pieces (the thick and thin degree) " (Step 
87 of Fig. 3) . The form of the graphite structure is indicated 
with the thick and thin degree of the graphite components. It 
should be noted that a series of the above arithmetic processing 
may be carried out in the image analysis apparatus 2 0 shown in 
Fig. 2. 

Next, a conventional graphite spheroidizing ratio 
measuring apparatus is used to verify appropriateness and 
reasonableness of the method of evaluating the graphite structure 
of the gray cast iron comprising the thick and thin degree 
evaluation using a 2- or 3 -digit value. 

Fig. 4 shows steps of a measurement using a widely known 
graphite spheroidizing ratio measuring apparatus. As shown in 
Fig. 4, in the graphite spheroidizing ratio measurement, all the 
graphite pieces in the input image are distinguished based on 
a predetermined size and counted regardless of whether graphite 
pieces are spherical or non- spherical . A structure of flake-like 
or eutectic graphite pieces was quantitatively evaluated by 
utilizing this counting function. 

For example, the 640 x 480 pixels (picture elements) of 
the 100 times magnified microscopic image input by the video 
camera 8 (the image pickup device such as a CCD) of Fig. 1 is 
used as an object of image analysis. There is the relation of 
1 pixel = 1 Jim as describe above. An example of the analysis 
results is shown in Fig. 5, the numbers of the detected graphite 
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pieces of different spherical or non~ spherical (flake-like) 
shapes according to JIS being separately indicated. 

As described above, the two methods of the maximum size 
method and the average size method can be used for determining 
the size of each graphite piece to be extracted. According to 
definition of JIS, the graphite spheroidizing ratio measurement 
is carried out by the maximum size method. However, the two 
methods are meaningful in some degree, whereby both of the maximum 
size method and the average size method are used in combination 
herein. 

First three samples of a coarse graphite structure with 
relatively long graphite pieces, a minute eutectic graphite 
structure, and a middle thereof were prepared. Fig. 7 shows a 
result of evaluating the middle graphite structure to measure 
numbers of graphite pieces of different shapes and sizes as an 
example . 

As shown in Fig. 7, the graphite pieces of several size 
classes were extracted. For example, the graphite pieces were 
classified into seven size classes of 1 ^im or more, 2 jum or more, 
3 |Um or more, 5 jim or more, 10 jiim or more, 15 ^im or more, and 
2 0 fim or more with respect to both of the maximum size and the 
average size. The results were shown as numbers of the detected 
graphite pieces of the size classes, accumulating total numbers, 
and numbers of the detected graphite pieces by the spherical or 
non- spherical shapes . 

As shown in Fig. 7, the graphite piece number obtained by 
using the maximum size method was larger and the graphite piece 
number obtained by using the average size method was smaller in 
each relatively larger size class. On the other hand, in each 
smaller size class, the graphite piece number obtained by using 
the average size method was larger and the graphite piece number 
obtained by using the maximum size method was smaller. This is 
reasonable for the above-described definitions of the maximum 



size and the average size. In contrast, when the graphite pieces 
of the size class of 1 |Lim or more were counted, substantially 
all the graphite pieces in the image were detected regardless 
of the shape, and the total number of the graphite pieces measured 
by using the maximum size method was about 433, approximately 
the same as the number measured by using the average size method, 
about 43 6. 

The results of measuring the other two samples of the coarse 
graphite structure and the eutectic graphite structure are not 
shown. In the case of the coarse graphite structure, the number 
of the detected graphite pieces of the size class of 1 jum or more 
was about 211 in the maximum size method and about 223 in the 
average size method. In the case of the eutectic graphite 
structure, the number of the detected graphite pieces of the size 
class of 1 Mm or more was about 1172 in the maximum size method 
and about 1176 in the average size method- The results showed 
the same tendency as those of the middle graphite structure except 
for this difference. 

Meanwhile, it was found that spherical graphite pieces were 
hardly observed in the size class of 5 or 10 fim or more and 
increased in the smaller size classes as a characteristic common 
in all the samples. 

Thus, graphite pieces of another sample was divided into 
maximum size classes of 10 |Lim or more and less than 10 ixm or into 
average size classes of 5 |Lxm or more and less than 5 ixm, to observe 
differences between the divided graphite structures. Fig. 8 
shows the result of dividing the graphite structure into the 
maximum size classes. In the maximum size class of less than 
10 pm, the most of the detected 134 graphite pieces were point-like, 
granular, or nubbly, it was impossible to judge whether the pieces 
were spherical or non- spherical by visual observation, and there 
was a possibility that a part of the detected pieces was slag 
or rust in actuality. Further, it was important that, in visual 
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observation, the impression or image of the graphite structure 
was formed by the graphite pieces with the maximum size of 10 
Mm or more, and the graphite pieces with the maximum size of less 
than 10 ^m were considered as noise not to affect the impression. 
The same observation results were obtained also in the case where 
the graphite pieces were divided into the average size classes 
of 5 ixm or more and less than 5 ^im though not shown. 

An object of the invention is to differentiate graphite 
structures, thereby clarifying differences between the 
structures. In view of the object, the point-like or granular 
graphite pieces having the maximum size of less than 10 fim or 
the average size of less than 5 pm do not affect the impression 
of the entire structure, to be nothing but noise. Therefore, 
the following observations cover only the non- spherical graphite 
pieces with the maximum size of 10 |Lim or more or the average size 
of 5 |um or more . 

Conditions for measuring the numbers of the graphite pieces 
in the graphite structure were refined in the above manner, and 
then an experiment was performed under the refined conditions. 

First, samples with various graphite structures were 
prepared, and ten samples of Nos . 1 to 10 were selected therefrom 
in the order from a longer graphite piece structure to a minute 
eutectic graphite piece structure such that approval was obtained 
from every one of 5 observers. Then, the graphite pieces were 
classified into 4 size classes of 5 pm or more, 10 ^im or more, 
15 pm or more, and 2 0 |Lim or more with respect to the maximum size 
method and the average size method, and the numbers of the 
non- spherical graphite pieces according to JIS were measured. 

The results are shown in Fig. 9. The relations between the 
graphite structure states and the numbers of the detected 
graphite pieces are shown in the order of the structure densities 
from the longer flake graphite structures to the minute eutectic 
graphite structures. Data obtained by the maximum size method 
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(dashed lines) and data obtained by the average size method (solid 
lines) are overlapped. It is clear from the results that the 
number of the graphite pieces with the average size of 5 |Lim or 
more and the number of the graphite pieces with the maximum size 
of 10 |im or more have the most linear relationship with the 
densities of the graphite structures . More samples were measured 
with respect to the numbers of the graphite pieces with the average 
size of 5 ixm or more and the number of the graphite pieces with 
the maximum size of 10 ^m or more, to judge which was the most 
effective method as a standard. The results are shown in Fig. 
10. 

As is clear from Fig. 10, though equal graphite piece 
numbers are obtained by both the size methods in the large graphite 
piece structures with a graphite piece number of approximately 
300 or less, more graphite pieces are detected by using the average 
size of 5 jum or more in the relatively minute, nearly eutectic 
graphite structures with a graphite piece number of more than 
300. The reason of this seems that, as described above, the 
lengths of the graphite pieces are used in the maximum size method 
and the areas of the graphite pieces are used in the average size 
method as a measure of the size. Thus, some of the nubbly, 
granular, or nearly point- like graphite pieces, which have a 
length smaller than the predetermined maximum size to be removed 
from the measurement (or detection or extraction) in the maximum 
size method, have an area more than the predetermined average 
size. 

In the differentiation of the graphite structures, minuter 
graphite structures are more difficult to detect the differences 
therebetween than structures of relatively larger graphite 
pieces. It is remarkably preferred that the numbers of the 
graphite pieces are more precisely obtained even in the case of 
such minuter graphite structures*, and as the conclusion, it is 
reasonable that the size of the smallest graphite piece to be 



extracted is determined using not the maximum size method but 
the average size method to evaluate the graphite structure based 
on the number of the graphite components. 

It is clear from the above study results that, by measuring 
the number of the non- spherical (flake-like) graphite pieces with 
the average size of 5 |Lim or more, the graphite structure of the 
gray cast iron can be reliably evaluated with ease without 
differences between individuals while calculating the 2- or 
3 -digit thick and thin degree value as described above. 

Fig. 11 shows a relation between the micrographs and the 
numbers of the detected flake graphite pieces of the above ten 
samples of Nos . 1 to 10 as a further example. It is clear that 
the form of the graphite pieces in each structure has a certain 
correlation with the number of the detected graphite pieces. In 
Fig. 11, the samples of Nos. 1 to 10 are shown as K-1 to K-10, 
and the numbers of the detected non-spherical (flake-like) 
graphite pieces are shown in parentheses. 

There is a case where graphite structures having the same 
detected graphite piece numbers are different in thickness of 
the component graphite pieces, and herein influences of these 
differences are not necessarily taken into account sufficiently. 
A degree of the thickness (or the thinness) of the graphite pieces 
is temporarily referred to as a thick and thin degree, and an 
example of graphite structures with remarkably different thick 
and thin degrees are shown in Fig. 12. 

The graphite structures shown in Fig. 12 are different in 
the thick and thin degrees of the graphite pieces as is clear 
from the graphite area ratios though they has the same detected 
graphite piece number of 90. The gray cast irons having the 
different structures are naturally different in mechanical 
properties, etc. Thus, it must be said that the method of 
evaluating the graphite structure is not perfect without taking 
the thick and thin degree into account. 



In this case, the simplest is a method comprising comparing 
the total graphite areas of the structures having the same 
graphite piece numbers, or a method comprising comparing average 
areas of the graphite pieces, which are each obtained by dividing 
the total graphite area by the graphite piece number, and the 
methods are effective to some extent. However, the structures 
have different size distributions of the graphite pieces though 
they have the same graphite piece numbers, whereby the methods 
of simply comparing the areas of the graphite pieces are not always 
appropriate . 

Thus, among 4 types of the graphite structures shown in 
Fig. 12, the structure having the thick and thin degree of 10.1 
shown in the upper left is divided by distributing the graphite 
pieces into 3 maximum size classes of 10 ^im or more and less than 
50 ^xm, 50 ixm or more and less than 150 |Lim, and 150 ixm or more, 
and shown in Fig. 13. The upper left of Fig. 13 is the same as 
that of Fig. 12. As is clear from Figs. 12 and 13, the impression 
of swelling of the graphite pieces in the graphite structure 
mainly depends on the graphite pieces having a maximum length 
of 50 ixm or more and less than 150 |um. Another graphite structure 
having a different graphite piece number was checked in the same 
manner for an experiment, and as a result, the graphite pieces 
with a maximum length of 50 ^im or more and less than 150 jim 
significantly affected the impression of swelling. Therefore, 
the impression of swelling of the graphite pieces in the entire 
graphite structure can be shown as the thick and thin degree of 
the graphite pieces with the maximum length of 50 |um or more and 
less than 150 ^im. 

A plurality of graphite pieces may be linked and recognized 
as one graphite piece, and the linkage is remarkably increased 
among the graphite pieces having the maximum length of 15 0 )LAm 
or more as shown in Fig. 14. The graphite pieces having the 
maximum length of 150 |Lim or more are desirably excepted to prevent 
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the miss-recognition. 

The maximum sizes (the maximum lengths) and the areas of 
the above graphite pieces of 50 Mm or more and less than 150 ixm 
are measured and shown together in Fig. 15, and the distribution 
of the graphite pieces is shown as a graph in Fig. 16. An area 
1006 pm^ of a graphite piece having the median 100 ^im of the lengths 
can be obtained from Figs. 15 and 16. 

The assumptive graphite piece with the maximum length (the 
maximum size) of 100 |Lim, which may be representative of the 
graphite pieces, is obtained from the data of the graphite pieces 
of 50 Mm or more and less than 150 Mm, the area of the assumptive 
graphite piece is calculated to be 1006 Mm^, and a value 10.06 
is obtained by dividing the area 1006 Mm^ by the length 100 Mm 
as shown in Fig. 17. The value corresponds to the width of the 
15 rectangle having the same area and the length of 100 Mm, and can 
provide a practical image of swelling. 

Then, the width 10.06 of the assumptive graphite piece is 
rounded to be 10.1, and shown with the number 90 of the detected 
graphite pieces as 90 (10.1) , whereby the thick and thin degree 
20 of the graphite components is indicated with the form of the 
graphite structure. 

As described above, it is confirmed that the thick and thin 
degree evaluation using a 2- or 3 -digit value is appropriate. 

In production of a brake disc rotor made of a cast iron, 
25 distribution of graphite pieces in sections of the brake disc 
rotor is three-dimensionally shown to improve the casting 
condition in Fig. 18, and distribution of graphite pieces in 
sections of the brake disc rotor is three-dimensionally shown 
to rationalize the molten metal treatment in Fig, 19. it is more 
effective that the numeric values of the graphite structure are 
shown together with the above-described thick and thin degrees. 

Figs. 20 to 24 show a second embodiment of the invention. 
As shown in the flowchart of Fig. 20, the graphite pieces. 
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which cross or are in contact with the frame of the magnified 
image for the image analysis, are not measuring objects to be 
excepted and eliminated in the preprocessing step regardless of 
whether the graphite pieces are spherical or non-spherical (See, 
Step S3 of Figs. 3 and 20) . The graphite pieces in contact with 
the frame are excepted and eliminated because they cannot be 
examined with respect to shape and size of the unshown portions 
other than the portions shown in the image, and this procedure 
is unavoidable for the image analysis. 

In the measurement of the graphite spheroidizing ratio, 
even if the number of the extracted graphite pieces for the 
measurement is slightly less than the actual number thereof, the 
graphite spheroidizing ratio can be obtained by measuring the 
graphite pieces remaining in the frame without serious practical 
15 problems. 

On the other hand, in the invention, the flake graphite 
structure of the gray cast iron is quantitatively evaluated based 
on a graphite component piece number, whereby it is never 
preferred from the viewpoint of the evaluation accuracy that the 
important graphite piece number is different from the actual one. 

Fig. 21 shows a comparison of structures observed before 
and after excepting and eliminating graphite pieces which cross 
or are in contact with a frame of an image (a measurement frame) . 
When the graphite pieces in contact with the frame are excepted 
and eliminated, there are conspicuous empty spaces in the 
vicinity of the frame, as shown in the right of Fig. 21. Only 
the graphite pieces remaining within the frame are used as the 
measurement objects, and as a result, the analyzed graphite 
structure is partly different from the actual structure though 
30 the structures are similar. 

The gray cast iron has a content of the thin long graphite 
pieces much higher than that of a spherical graphite cast iron 
containing spherical or nubbly graphite pieces . The longer flake 
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graphite pieces are more likely to come into contact with the 
image frame. Further, the graphite piece number becomes smaller 
as the graphite pieces are longer, and thus the graphite structure 
containing the longer graphite pieces has a higher ratio of the 
excepted and eliminated graphite pieces in contact with the 
frame . 

A specific conspicuous example is shown in Fig. 22, and 
the measuring object graphite structure is made very different 
from the original by excepting and eliminating more than half 
of the present graphite pieces as shown in the right of the Fig. 
22. A structure of extremely long graphite pieces is used in 
this example, and such a large difference is not observed in common 
FC-250 graphite structures. However, in the case of evaluating 
common, so-called A- type graphite structures by using an image 
15 of 640 X 480 ^im, approximately 5 to 20% of the graphite pieces 
are in contact with the frame to be excepted and eliminated 
una vo i dab 1 y . 

Because graphite structures containing similar graphite 
pieces show similar ratios of the excepted and eliminated 
graphite pieces, relative comparison of the structures can be 
carried out without serious practical problems. However, to 
faithfully reflect the original graphite structure to the 
evaluation, it is preferable to evaluate also the excepted and 
eliminated graphite pieces. 
25 Though it is impossible to measure the shapes and the sizes 

of the graphite pieces in contact with the frame to be excepted 
and eliminated as described above, the number thereof can be 
measured. Further, it is believed that the graphite pieces in 
contact with the frame have the shapes and the sizes not so 
different from those of the most graphite pieces remaining in 
the frame stochastically. 

Thus, a graphite structure extremely similar to the 
original structure with the entire graphite pieces can be 
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reproduced while taking account of the number of the graphite 
pieces in contact with the frame to be excepted and eliminated 
by the steps of counting the graphite pieces in contact with the 
frame to be excepted and eliminated; classifying the graphite 
pieces remaining in the frame into a plurality of size classes 
to count the number of the graphite pieces of each size class; 
calculating the distribution ratio between the numbers of the 
remaining graphite pieces of the size classes; and distributing 
the graphite pieces to be excepted and eliminated into the size 
classes proportionally based on the ratio, to add a number of 
the distributed graphite pieces to the above numbers. 

Fig. 23 shows a specific example of the steps of Fig. 20, 
and Steps SI to S3 of Fig. 2 0 are equal to those of Fig. 3. When 
the graphite pieces, which cross or are in contact with the frame 
of the image binarized into bright and dark, are excepted and 
eliminated from the image of the graphite structure (the entire 
graphite pieces) in Step S3, the number of the graphite pieces 
to be excepted and eliminated is counted (Step S3-1) . Then, as 
the case of Fig. 3, the non- spherical graphite pieces having the 
graphite area ratio of less than 54% and the average size of 5 
ixm or more are extracted and separated from the graphite pieces 
of less than 5 jum, and the numbers of the classified non- spherical 
graphite pieces are counted or calculated in Step S4 . 

In the example of Fig . 23, the number of the graphite pieces , 
which cross or are in contact with the frame of the image to be 
excepted and eliminated, is 32, the number of the graphite pieces 
of less than 5 |Lim in the frame is 26, and the number of the graphite 
pieces of 5 |um or more is 148. 

Next, as shown in Fig. 23 in addition to Step S4-1 of Fig. 
20, the 32 graphite pieces to be excepted and eliminated are 
classified based on the ratio of the number 26 of the graphite 
pieces of less than 5 |Lim and the number 148 of the graphite pieces 
of 5 |Lim or more remaining in the frame. Thus, the number 32 of 
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the graphite pieces to be excepted and eliminated is divided into 
5 and 27 proportionally based on the ratio of 26 : 148 . The number 
27 is added to the number 148 of the graphite pieces of 5 ixm or 
more remaining in the frame, thereby correcting the number into 
175. As a result, a virtual graphite structure index of 148, 
which does not depend on the number of the graphite pieces in 
contact with the frame to be excepted and eliminated, and a true 
graphite structure index of 175 approximate to the actual value, 
which is corrected by proportionally distributing the graphite 
pieces to be excepted and eliminated, are obtained as the numbers 
of the graphite pieces with the average size of 5 jum or more to 
be extracted. 

Subsequently the thick and thin degree is calculated in 
Steps S5 and S6 and visually shown together with the above obtained 

15 true graphite structure index as 175 (10.1) in Step S7 as the 
case of Fig. 3. It should be noted that a series of the above 
arithmetic processing may be carried out in the image analysis 
apparatus shown in Fig. 24. The apparatus shown in Fig. 24 
comprises a unit 13 for proportionally adding the number of the 

20 graphite pieces in contact with the image frame to be excepted, 
and is thereby different from the apparatus shown in Fig. 2. 

In this embodiment. the number of the extracted 
non-spherical graphite pieces of the particular size class is 
corrected by proportionally distributing the graphite pieces. 

25 which cross or are in contact with the frame of the image to be 
excepted and eliminated, whereby the accuracy of the graphite 
structure image analysis can be further improved to provide the 
highly reliable evaluation results. 
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